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Specification 



1 . Title of the invention 

Method for Controlling Cooling of Steel Strip in Continuous 
Annealing Facility 

2 . Claims 

1. A method for controlling cooling of a steel strip in a 
continuous annealing facility, characterized by the fact that in 
controlling a cooler for a steel strip having a mechanism that 
is installed in a continuous annealing facility, winds a steel 
strip on one to several cooling rolls through which a 
refrigerant is run, and changes said winding length, a 
controller for controlling a mechanism that stores a work 
schedule table in which the transfer sequence of the steel 
strip, size, and property values are described, calculates a 
winding angle from a relation expression being obtained in 
advance, and changes the winding angle is installed; a steel 
strip thermometer and a weld line detector of the steel strip 

1 Numbers in the margin indicate pagination in the foreign 
text . 
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are installed at the inlet of said cooling rolls; a steel strip 
tension meter, a refrigerant thermometer, and a steel strip 
transfer speed meter are installed in said cooler are installed 
in said cooler; the size and property values of the steel strip 
being passed, which are recognized from the number of weld line 
being passed and the work schedule table, the steel strip 
temperature, steel strip tension, refrigerant temperature, and 
steel strip transfer speed at the inlet of the cooling rolls are 
substituted for the above-mentioned relation expression, so that 
the winding angle to the cooling rolls of the steel strip is 
periodically calculated; the winding angle is changed based on 
the value; and the winding angle is controlled while the weld 
line of the steel strip passes through the cooling rolls. 

2. The method for controlling cooling of a steel strip in 
a continuous annealing facility of Claim 1, characterized by the 
fact that an expression for correcting a target control steel 
strip temperature at the outlet of said cooling rolls is newly 
added to the relation expression in the above-mentioned 
controller; a steel strip thermometer is installed at the outlet 
of the final cooling roll; the winding angle is recalculated by 
periodically correcting the target control steel strip 
temperature at the outlet by the input from the steel strip 
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thermometer at the outlet of said cooling rolls; and the winding 
angle to the cooling rolls of the steel strip is corrected. 

3. The method for controlling cooling of a steel strip 
in a continuous annealing facility of Claim 1 or 2, 
characterized by the fact that in several cooling rolls through 
which a refrigerant is run, the winding angle to said cooling 
rolls of the steel strip is controlled to be increased toward 
the following roll. 

3 . Detailed explanation of the invention 
(Industrial application field) 

The present invention pertains to a cooling control method 
that is installed in a continuous annealing facility, winds a /2 
steel strip on cooling rolls through which a refrigerant is run, 
and cools the steel strip. 
(Prior art) 

In a continuous annealing facility, it is necessary to cool 
a steel strip at about 700°C to about 400°C. For this purpose, 
cooling methods that contact the steel strip to metal rolls 
through which a coolant is run, change the contact length of 
said rolls and steel strip by moving said rolls, and obtain a 
desired steel strip temperature, there are methods described in 
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Japanese Kokoku Patent Nos . Sho 57 [1982] -14414 and Sho 58 [1983]- 
47457. 

In other words, the former is a feedback control in which a 
thermometer for detecting the temperature of the steel strip is 
installed at the outlet of said cooler, the deviation of an 
actual temperature being obtained from said thermometer and a 
target temperature is attained, and the contact length of the 
steel strip and the cooling rolls is changed based on the 
deviation. The latter is a combined control method of a 
feedback control and a feedforward control in which a 
thermometer for detecting the temperature of the steel strip is 
also installed at the inlet of said cooler and the temperature 
change being not completely absorbed by the above-mentioned 
feedback is compensated by a feedforward control. 

However, in the conventional methods, there are the 
following drawbacks, and the methods are not sufficiently 
satisfactory. In other words, in any of the above-mentioned two 
control methods, the contact length is controlled only by the 
temperature of the steel strip. It means that if the sheet 
thickness of the steel strip and the line speed are changed, the 
f ollowability is poor in the conventional methods. The reason 
for this is that in the continuous annealing facility, the steel 
strip being passed is constituted by welding steel strips with 



different sheet thickness, sheet width, heat cycle, etc., and 
the line speed is determined by facilities such as heating 
furnace, soaking pit, and overaging furnace other than the 
cooler, and changing the line speed by the performances of said 
cooler is difficult. 

For example, the case where the sheet thickness is changed 
from 0 . 8 mm to 1 . 0 mm is explained. It is assumed that the 
temperature of the steel strip is lowered from 800°C to 400°C by 
said cooler. Here, in the cooling method that contacts the 
steel strip to the metal rolls through which a coolant is 
through, according to an experimental result, the cooling rate 
is about 100°C/sec. If the cooling rate is 100°C/sec, 4 sec is 
required for lowering the temperature by 4 00°C. Therefore, it 
may be considered that about 4-5 sec is required until a welded 
point passed through said cooler and reaches the thermometer at 
the outlet. Until the welded point reaches the outlet 
thermometer, since the temperature being detected by the outlet 
thermometer is the temperature of the steel strip with a sheet 
thickness of 0.8 mm and is almost equal to a target value, the 
contact length is not changed. After the welded point passes 
through the outlet thermometer, the temperature of the steel 
strip with a sheet thickness of 1.0 mm is detected, however 
although the amount of cooling required is 1.25 times, since the 
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contact length with the rolls is equal to the contact length of 
the steel strip with a sheet thickness of 0.8 mm, the actual 
temperature is largely deviated from the target temperature. In 
the feedback control, the control mechanism is activated at that 
time and changes the contact length. In other words, the 
control is carried out with a delay of about 5 sec. Since the 
line speed is about 2 00 mpm, the delay of 5 sec means that a 
large temperature shift is caused in the steel strip of about 17 
m. 

Furthermore, the above-mentioned conventional method 
utilizing the feedback control is based on the deviation of a 
target value and an actual value. As mentioned above, in case a 
large useless time is included, the feedback gain cannot but be 
small to secure the stability of the control system, and 
following the target value by the actual value is slowed as 
much, so that a temperature shift is largely caused in the steel 
strip. Therefore, in the conventional method, in case the sheet 
thickness, etc., are largely changed, the steel strip with a 
length of several tens m causes a temperature shift, so that 
good qualities cannot be maintained. 

In order to prevent the above-mentioned drawbacks being 
generated in controlling of only the feedback control, a 
combination of the feedback control and the feedforward control 
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is considered. However, in the above-mentioned conventional 
method, the feedforward control is carried out based on the 
deviation of the actual temperature and the target temperature 
of the steel strip at the inlet of said cooler, no effect cannot 
be exerted when there is no change in the target temperature at 
the inlet of the cooler, though the sheet thickness is changed, 
like the above-mentioned example. 

Furthermore, in consideration of the influence on the shape 
of the steel strip, a uniform cooling in the width direction is 
required, and in case several cooling rolls are used, the 
distribution of the amount of cooling in each roll is determined 
to realize a uniform cooling in the width direction. However, /2 
this concept did not exist in the prior arts. 
(Purpose of the invention) 

The present invention considers the above-mentioned 
drawbacks being seen in the conventional methods. Its purpose 
is to (1) reduce the length of a steel strip being a temperature 
shift and to (2) stably produce the steel strip with a good 
shape by preventing the generation of a nonuniform cooling in 
the width direction. 

(Constitution and operation of the invention) 

The essence of the present invention is that in controlling 
a cooler for a steel strip having a mechanism that is installed 

8 



in a continuous annealing facility, winds a steel strip on one 
to several cooling rolls through which a refrigerant is run, and 
changes said winding length, a controller for controlling a 
mechanism that stores a work schedule table in which the 
transfer sequence of the steel strip, size, and property values 
are described, calculates a winding angle from a relation 
expression being obtained in advance, and changes the winding 
angle is installed; a steel strip thermometer and a weld line 
detector of the steel strip are installed at the inlet of said 
cooling rolls; a steel strip tension meter, a refrigerant 
thermometer, and a steel strip transfer speed meter are 
installed in said cooler are installed in said cooler; the size 
and property values of the steel strip being passed, which are 
recognized from the number of weld line being passed and the 
work schedule table, the steel strip temperature, steel strip 
tension, refrigerant temperature, and steel strip transfer speed 
at the inlet of the cooling rolls are substituted for the above- 
mentioned relation expression, so that the winding angle to the 
cooling rolls of the steel strip is periodically calculated; the 
winding angle is changed based on the value; and the winding 
angle is controlled while the weld line of the steel strip 
passes through the cooling rolls. 
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Also, the essence of the present invention is that an 
expression for correcting a target control steel strip 
temperature at the outlet of said cooling rolls is newly added 
to the relation expression in the above-mentioned controller; a 
steel strip thermometer is installed at the outlet of the final 
cooling roll; the winding angle is recalculated by periodically 
correcting the target control steel strip temperature at the 
outlet by the input from the steel strip thermometer at the 
outlet of said cooling rolls; and the winding angle to the 
cooling rolls of the steel strip is corrected, so that the 
cooling precision is further improved. 

Furthermore, the essence of the present invention is that 
in several cooling rolls through which a refrigerant is run, the 
winding angle to said cooling rolls of the steel strip is 
controlled to be increased toward the following roll, so that 
the steel strip with a good shape is stably produced. 
(Application examples) 

A first application example of the present invention is 
explained. The method for calculating a winding angle is as 
follows. 

In other words, in one cooling roll, when the contact 
length of the roll and a steel strip is 1, if a heat balance in 
a section of a fine arc length dl is considered, the amount A qi 
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of heat being discharged from said steel strip 6 for a unit time 
and the amount A q2 of heat flowing to a refrigerant from the 
steel strip 6 are equal. Here, A qi and A q2 are respectively given 
by the following expressions. 

A q i = C P - p- w-d-vdT/dl' -dl' 

A q2 = - K(l,p) - w (T - T w ) -dl' 

However, C P : specific heat of steel strip 

p: specific gravity of steel strip 

w: width of steel strip 

d: length of steel strip 

v: line speed 

1 : contact length 

T: temperature of steel strip at a fine arc 

length dl' 

D: roll diameter 

K: coefficient of overall heat transmission (a 
function of the contact length 1 and the roll 
face pressure p) 

p: roll face pressure (= tension/w-D/2) 
T w : refrigerant temperature 
Therefore, if the temperature of the steel strip at the 
inlet of the cooling rolls is T E and the temperature at the 
outlet is T D , 



T D = T w + (T B - T w )/exp {K(l # p) -1/Cp-p-d-v} (1) 
Here, in the cooling rolls, since the heat is moved in the 
sequence of the contact heat transfer from the steel strip to 
the rolls, the heat transfer .in the roll shell, and the heat 
transfer between the roll shell and the refrigerant, the 
coefficient of overall heat transmission K(l,p) is given by the 
following expression. 

K(l,p) = {l/kx(p) + l/n-D(5/X + l/k 2 )}-l (2) 
However, ki(p): contact heat transfer rate of cooling rolls 
and steel strip 

D: roll diameter 

A: roll shell thickness 

A: shell heat transfer rate 

k 2 : heat transfer rate between roll shell and 
refrigerant 

From the expressions (1) and (2) , in case the actual 
temperature of the steel strip at the inlet of the cooling rolls 
is T EP and the target temperature at the outlet of the cooling 
rolls is T D0 , a required contact length of the steel strip and 
the cooling rolls can be calculated. In cooling using several/4 
cooling rolls, the inlet temperature and the outlet temperature 
of the steel strip in each cooling roll are determined by a 
preset amount (ATi, SATi = T EP - T D0 ) of cooling of each roll, so 
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that the required contact length in each roll is usually 
different . 

The application sequence of the above-mentioned cooling 
control method is explained using Figure 1. 

Figure 1 shows an application example in which five cooling 
rolls are used. A steel strip 6 is passed through an inlet 
bridle roll, passed through cooling rolls 1-5 through which a 
refrigerant is run, passed through an outlet bridle roll 17 , and 
transferred to the next process. At the inlet of the cooling 
rolls, a steel strip thermometer 7 and a weld line detector 9 
are installed and connected to a controller 12 . The movable 
rolls are No. 2 cooling roll 2 and No. 4 cooling roll 4, and the 
amount being pressed is converted from the winding angle by the 
controller 12 and input into hydraulic cylinder controllers 11-1 
and 11-2, so that hydraulic cylinder 10-1 and 10-2 are moved. 

Also, the steel strip transfer speed is input into the 
controller from a steel strip speed meter 13, the steel strip 
tension is input into the controller from a steel strip tension 
meter 14, and the refrigerant temperature is input into the 
controller from the refrigerant thermometer 15. 

Also, the cooler of the present invention means from the 
inlet bridle roll 16 to the outlet bridle roll 17. 
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This application example is carried out in the following 
sequence by the above facility constitution. Also, the 
dimensions of the cooler are shown in Figure 2 . 

The controller 12 introduces the inlet temperature T EP of 
the steel strip from the steel strip thermometer 7 at the inlet 
of the cooler, the line speed v from the steel strip transfer 
speed meter 13, the tension applied to the steel strip from the 
tension detection meter 14, and the refrigerant temperature T w 
from the refrigerant thermometer 15 for each set period, detects 
the work No. of the steel strip being currently passed through 
the cooler from the number of weld line passed through the weld 
line detector 9 and the work schedule table, and introduces the 
specific heat G P , specific gravity p, width w, and thickness d of 
the steel strip and the target temperature T D0 at the outlet of 
the cooler from the above-mentioned work schedule table. Then, 
the temperature of the steel strip at the inlet and outlet of 
each roll is determined by the distribution of the amount of 
cooling. From the steel strip temperature at the inlet and 
outlet of each roll, using the above-mentioned method, the 
contact length li of the steel strip and the roll in each roll is 
calculated. Using li, the amounts H 2 and H 4 of second roll and 
fourth roll are respectively calculated from the following 
expressions . 
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Hi = D + (Lsin(9i/2) - D)/cos(9i/2) i = 2, 4 (3) 

However, L is the distance between the cooling rolls. 

0i is the winding angle of the i-th roll (9i = 2-li/D) 

In case the line speed v and the inlet temperature T EP are 
changed, the amounts H 2 and H 4 being pressed, which are obtained 
by calculating, are transferred to the hydraulic cylinder 
controller 11 right after the calculation is finished. The 
hydraulic cylinder 10 is activated, and the positions of the 
movable rolls 2 and 4 are adjusted. Also, when the weld line 
detector 9 detects a welded part, the amounts H 2 and H 4 of 
movable rolls being pressed in the next steel strip are attained 
in a sequence similar to the above-mentioned sequence. 
Furthermore, when the welded part calculated in advance using 
the line speed v is wound on the movable roll 2, the amount H 2 
being pressed is transferred to the hydraulic cylinder 
controller 11, and when the welded part is wound on the movable 
roll 4, the amount H 4 being pressed is transferred to the 
hydraulic cylinder controller, so that the hydraulic cylinder 10 
moves the movable rolls 2 and 4 at each timing. 

As seen from the above explanation, the method of this 
application example has the following merits. 

(1) Since the timing at which the weld line is inserted 
into the cooler is detected, when the weld line is wound on the 
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cooling rolls, the movable rolls can be moved, so that a useless 
time is not generated, unlike the conventional methods. /5 

(2) In the conventional method for controlling based on the 
deviation of a target value and an actual value of the steel 
strip temperature at the outlet of the cooling rolls, for 
example, in case the sheet thickness is changed from 0.8 mm to 
1.0 mm, a required contact length in the steels strip of 1.0 mm 
cannot be detected, and the amount of movable roll being pressed 
is slowly changed. Thus, time is eventually required for 
obtaining the contact length required for the steel strip of 1.0 
mm, however in the method of the present invention, since the 
required contact length can be calculated in advance, the time 
required for moving the movable rolls is short. 

Thus, with the use of the method of this application 
example, the steel strip being a temperature shift is 
considerably reduced, compared with the conventional methods. 

Next, a second application example of the present invention 
is explained using Figure 3. 

Figure 3 is the same as Figure 1 except for installing the 
steel strip thermometer 8 at the outlet of the cooling rolls. 

In the above-mentioned application example, the specific 
heat and the specific gravity of the steel strip, the contact 
heat transfer rate of the steel strip and the rolls, the heat 
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transfer rate of the shell, etc., are used, however these values 
are subtly scattered by the operation situation, steel strip, 
etc. Therefore, the temperature of the steel strip after 
passing through the cooler is also subtly different from the 
target temperature. In case the target control precision is 
severe, removing the influence due to the above-mentioned 
disturbance must be considered. This application example solves 
the above-mentioned drawback, and its purpose is to further 
improve the cooling control precision of the above-mentioned 
application example. 

In other words, from the expressions (1) and (2) , it is 
understood that the temperature of the steel strip at the outlet 
of the cooling rolls is determined by the contact length of the 
steel strip and the rolls. Also, if the amounts H 2 and H 4 of 
movable rolls being pressed are determined, the contact length 
is determined from the expression (3) . Therefore, the 
temperature T D of the steel strip at the outlet of the cooling 
rolls is expressed as a function of the amount of second and 
fourth rolls being pressed by T D = F (H 2 , H 4 ) . (4) 

According to the first application example in which the 
target outlet temperature T D0 of the steel strip is substituted 
for the outlet temperature T D of the steel strip and the amount 
of rolls being pressed is attained, the outlet temperature T D of 
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the steel strip should be the target temperature T DO/ however the 
actual outlet temperature T DP measured by the outlet thermometer 
8 is slightly different from the target temperature T D0 for the 
above-mentioned reasons. Accordingly, the actual temperature T DP 
is expressed using an adjustable parameter G. 

T DP = GF(H 2 ,H 4 ) (5) 

(However, F(H 2 ,H 4 ) is the same function as that of the expression 

(4) .) 

At a control time k, if the actual temperature T DP is T DP (k) 
and the amount of movable rolls 2 and 4 is H 2 (k) and H 4 (k) , the 
adjustable parameter G(k) at the control time k can be attained 
by 

G(k) = T DP (k)/F(H 2 (k) ,H 4 (k)) (6) 
The adjustable parameter G(k) calculated in the above 
expression is smoothed by the following expression. 

G(k) - (1 - a)G(k - 1) + cxG(k) (7) 
However, G(k) is an adjustable parameter smoothed at the 
control time k. a is a smoothing coefficient. 

Then, the target temperature T D0 is replaced with a 
corrected target temperature T DP /G(k) . Using the method of the 
first application example of the present invention, corrected 
values H 2 (k) and H 4 (k) of the amount being pressed are 
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calculated, and the amount of movable rolls being pressed is 
corrected. 

The cooling control method of the second application 
example of the present invention is carried out in the following 
sequence based on the above method. 

The controller 12 introduces the inlet temperature T EP of 
the steel strip from the inlet thermometer 7, the outlet 
temperature T DP of the steel strip from the outlet thermometer 8, 
the line speed v from the steel strip transfer speed meter 13, 
the tension applied to the steel strip from the tension 
detection meter 14, and the refrigerant temperature T w from the 
refrigerant thermometer 15 for each set period. 
Furthermore, the controller detects the work No. of the steel 
strip being currently passed through the cooler from the number 
of weld line passed through the weld line detector 9 and the 
work schedule table and introduces the specific heat G P , specific 
gravity p, width w, and thickness d of the steel strip and the 
target outlet temperature T D0 from the above-mentioned work 
schedule table. Then, the corrected values H 2 and H 4 of the 
amount of movable rolls being pressed are calculated based on 
the above-mentioned method, the values are transferred to the 
hydraulic cylinder controller 11, the hydraulic cylinder 10 is 
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moved, and the positions of the second and fourth rolls are 
corrected. 

With the use of the control method of this application 
example, the error due to disturbances can be reduced without 
damaging the merits of the cooling control method of the first 
application example, so that the control precision can be 
improved. /6 

Also, it is difficult to precisely determine parameters 
such as contact heat transfer rate of the steel strip and the 
rolls, heat transfer rate of the shell, and heat transfer rate 
of the shell and the refrigerator in advance, and the values are 
varied by the change of said cooler with time, etc. In such a 
case, using the actual inlet temperature T EP , the actual outlet 
temperature T DP , the adjustable parameter G(k), the amounts H 2 
and H 4 , etc., of the steel strip, the above-mentioned parameters 
are calculated by the expressions (1) , (2) , and (5) , and true 
values are presumed from them by using Kalman filter, least 
square method estimation, and other statistical processing, so 
that the control precision can be further improved. 

The control effects of this application example and the 
conventional method are shown in Figures 4 and 5. In each 
figure, the ordinate indicates the steel strip thickness, the 
steel strip temperature, and the amount of roll being pressed 



from the top, and the abscissa indicates the longitudinal 
position of the steel strip. 

In this application example, as shown in Figure 4, while 
the steel strip weld line is detected and wound on the cooling 
rolls, since the amount being pressed is changed by each 
different amount, the temperature shift is seldom caused, 
however in the conventional method, as shown in Figure 5, since 
the winding angle is changed based on the deviation of the 
target temperature of the steel strip at the outlet and the 
actual value, a large temperature shift is caused. 

Finally, a third application example of the present 
invention is explained. 

It has a feature that in cooling the steel strip by using 
several cooling rolls, the nonunif ormity in the width direction 
of the steel strip temperature generated by the front-stage roll 
is amplified by the rear-stage roll. For example, in Figure 1, 
in case the temperature of the steel strip at the outlet of the 
first roll is low at the central part and high at the end, the 
tension at the central part in the tension being applied to the 
steel strip at the outlet of the first roll is caused, so that 
the temperature difference at the central part and the end is 
further extended in the second roll. Figure 6 shows 
experimental results in which the temperature difference in the 



width direction caused by the n-th cooling roll shown by the 
abscissa is amplified at the outlet of the final cooling roll. 
As seen from the figure, the nonuniform cooling in the width 
direction caused in each roll is largely amplified at the outlet 
of the final roll, which is larger in the front-stage roll. The 
main cause for the nonuniform cooling being generated in each 
roll is a thermal crown being generated in the cooling rolls, 
and considering that the nonuniform cooling in the width 
direction generated in the front-stage roll has a larger 
influence on the steel strip temperature in the width direction 
at the outlet of the final roll, it is necessary to suppress the 
thermal crown low in the front-stage roll. The thermal crown is 
proportional to the cooling load Q c . The cooling load Q c is 
given by the following expression. 

Qc = 1/2KD9 W (T - T w ) 
However, K: coefficient of overall heat transmission 

D: roll diameter 

0: winding angle 

w: sheet width 

T: steel strip temperature 

T w : refrigerant temperature 
Here, the roll diameter D, the sheet width w, and the 
refrigerant temperature T w are equal in each roll, and the 
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coefficient K of overall heat transmission and the winding angle 
0 have a correlation. Considering that the temperature T of the 
steel strip is higher in the front-stage roll, the winding angle 
0 must be smaller in the above-mentioned front-stage roll to 
reduce the cooling load Q c in the front-stage roll. In other 
words, for a uniform cooling in the width direction, it is 
necessary to make the winding angle larger in the rear- stage 
roll and to carry out a uniform cooling load and a rear-stage 
high load. 

This application example is the control method that 
distributes the winding angle in each cooling roll so that AT X < 
AT 2 < AT 3 < AT 4 < AT 5 (however, ATi is the drop temperature in the 
i-th roll, and 0i < 0 2 < 0 3 < ©4 < 9 5 -) - 

With the use of the cooling control method of this 
application example, the generation of the nonuniform cooling in 
the width direction can be prevented, and the shape 
deterioration of the steel strip being generated due to the 
temperature nonunif ormity in the width direction can be avoided, 
so that the steel strip with an excellent shape can be stably 
produced. 

(Effects of the invention) 

With the employment of the cooling control method of the 
present invention in cooling a steel strip using cooling rolls 
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in a continuous annealing facility, the f ollowability of the 
temperature of the steel strip after passing through a cooler to 
a target temperature and the control precision are markedly 
improved, compared with the conventional methods, which 
contributes greatly to the quality improvement and the yield 
improvement of the steel strip after the continuous annealing. 
Also, the generation of a nonuniform cooling in the width 
direction can be prevented, so that the steel strip with a good 
shape can be stably produced. 

4 . Brief description of the figures /7 

Figure 1 is a side view showing the cooler which is an 
application example of the present invention. Figure 2 shows 
the size of the main parts of the cooler. Figure 3 is a side 
view showing the cooler which is a second application example of 
the present invention. Figure 4 shows the effects of the second 
application example of the present invention. Figure 5 shows a 
cooling control effect of a conventional method. Figure 6 shows 
an amplification rate at the outlet of a final cooling roll for 
the temperature difference in the width direction generated in 
the first roll. 

1, 2, 3, 4, 5 Cooling rolls through which a refrigerant is run 

(among them, 2 and 4 are movable) 
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6 Steel strip 

7 Inlet thermometer for measuring the temperature of the 
steel strip 

8 Outlet thermometer for measuring the temperature of the 
steel strip 

9 Welded point detector 

10 Hydraulic cylinder 

11 Hydraulic cylinder controller 

12 Controller 

13 Steel strip transfer speed meter 

14 Steel strip tension meter 

15 Refrigerant thermometer 

16 Inlet bridle roll 

17 Outlet bridle roll 
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Figure 4 : 

1. Sheet thickness 

2 . Preceding material 0 . 8 mm 

3 . Subsequent material 1 . 0 mm 

4 . Sheet temperature 

5 . Welded part 

6. Longitudinal position of steel strip 

7. Amount pressed 

8. Amount of fourth roll pressed 

9. Amount of second roll pressed 
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Figure 5 : 

1 . Sheet thickness 

2. Preceding material 0 . 8 mm 

3 . Subsequent material 1 . 0 mm 
4 . Sheet temperature 

5 . Welded part 

6. Longitudinal position of steel strip 

7 . Amount pressed 

8. Amount of second and fourth rolls pressed 
Figure 6 : 

[Vertical:] Amplification rate of the temperature diff 

in the width direction of the steel strip 
[Horizontal:] Cooling roll priority 
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FIGURES 4 and 5, from the amendment. 
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